Conclusions. This regimen may be of clinical benefit for patients with peritoneal dissemination of gastric cancer.
Introduction
Peritoneal dissemination is a major event in the development of gastric cancer [1] , and causes many serious complications, such as intestinal obstruction, malignant ascites, and hydronephrosis. The symptoms of these events include abdominal pain, sensations of abdominal fullness, vomiting, and constipation, leading to an extremely poor quality of the patient's remaining life. Conservative management, with a nasogastric tube, antiemetics, or high-dosage steroids, is relatively ineffective. Although intraperitoneal chemotherapy has been used to treat peritoneal dissemination, the results remain poor [2] [3] [4] [5] [6] .
Recent phase II studies of systemic chemotherapy have demonstrated high antitumor effects in the treatment of advanced gastric cancer [7] [8] [9] [10] . However, most patients with peritoneal dissemination have been excluded from clinical studies because they rarely have measurable lesions and because they have a high risk of toxicity due to complications such as intestinal obstruction and ascites. Therefore, the efficacy of systemic chemotherapy for patients with peritoneal dissemination remains unclear.
Of several biochemical agents examined, the sequential use of the drugs methotrexate (MTX) and 5-fluorouracil (5FU; sequential MTX/5FU) was first shown to be clinically effective against malignancies in the gastrointestinal tract [11] . This combination has also been reported to be effective in the treatment of various types of carcinomas, including gastric cancer. Konishi et al. [12] reported that this regimen showed higher efficacy in patients with a diffuse type of adenocarcinoma, defined histologically, than in those with an intestinal type. The response rate of patients with peritoneal dissemination in their study was 23% (6/26), and ascites was eliminated in 8 of 16 patients (50%). From their findings, this regimen would be expected to improve the condition of advanced gastric cancer patients with peritoneal dissemination. However, the efficacy of this therapy has not been fully clarified.
In this retrospective study, we therefore investigated the feasibility and efficacy of sequential MTX/5FU therapy in gastric cancer patients with peritoneal dissemination. In addition, we also analyzed the responses of ascites and intestinal obstruction to the therapy, and the incidence of freedom from the need for nutritional support after the chemotherapy, to assess the patients' quality of life (QOL).
Patients and methods

Patient selection
Between August 1993 and December 1999, 95 patients with confirmed peritoneal dissemination of unresectable or recurrent gastric cancers were treated with sequential MTX/5FU therapy at the National Cancer Center Hospital East, Kashiwa, Japan. We selected patients from the database who fulfilled the following criteria: (i) no prior chemotherapy; (ii) definite evidence of peritoneal dissemination; (iii) 75 years old or less, with a Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 2 or better; (iv) adequate bone marrow, renal, and hepatic functions; and (v) no serious medical complications. Patients with intestinal obstruction or ascites were included in this analysis. Of the 95 patients, 23 with prior chemotherapy, 3 with performance status 3, 2 with hyperbilirubinemia, 8 with disseminated intravascular coagulation (DIC), and 3 patients with renal dysfunction were excluded from this study.
Treatment schedule
The treatment schedule comprised the weekly administration of MTX (100 mg/m 2 , as an i.v. bolus) followed 3 h later by 5FU (600 mg/m 2 , i.v. bolus). From 24 h after the administration of MTX, calcium leucovorin (10 mg/m 2 , p.o. or i.v.) was administered every 6 h, six times. To reduce the adverse effects of MTX, acetazolamide (250 mg) was given intravenously immediately after the infusion of MTX, and sodium bicarbonate (33.2 mEq) added to 500 ml of electrolyte solution was administered for urine alkalinization by drip infusion during the 3-h interval between the administration of MTX and 5FU. In principle, treatments were repeated weekly for three or four courses, followed by 1-week rest. This treatment was continued until the disease progressed, or until the development of unacceptable toxicity, or until the patient refused further treatment. If there were adverse reactions on the day of administration, the treatment was postponed until the patient recovered.
Diagnosis of peritoneal dissemination
"Peritoneal dissemination" was defined when patients had at least one of the following findings: (i) peritoneal metastasis diagnosed by barium enema, computed tomography (CT) scan, or laparotomy; (ii) malignant ascites confirmed by cytologic examination, CT scan, or ultrasonography (US); or (iii) complete or incomplete intestinal obstruction confirmed by abdominal X-rays.
Evaluation of antitumor effects and adverse events
Objective responses in measurable metastatic lesions were evaluated according to standard WHO criteria [13] . The response for primary sites was assessed according to the response criteria of the Japanese Research Society for Gastric Cancer, based on roentgenographic and endoscopic findings [14] . The response of primary sites was not considered for the evaluation of the overall response. Improvement of ascites was defined if an objective decrease or disappearance was observed by CT scans and/or US. Improvement of intestinal obstruction was declared when the obstructive findings were resolved on abdominal X-rays and the symptoms, such as abdominal pain, sensations of abdominal fullness, or vomiting, were relieved. Adverse events were evaluated according to the common toxicity criteria of the National Cancer Institute [15] .
Statistical analysis
"Time to treatment failure" was calculated from the date of the first administration of sequential MTX/5FU therapy to the date at which the treatment was discontinued for any reason, or to the date of death from any cause during the treatment. The overall survival time was determined from the date of the first administration of sequential MTX/5FU therapy to the date of death by any cause, or to the last date of confirmed survival. Survival analysis was performed using the method of Kaplan and Meier [16] .
Results
Patient characteristics
Fifty-six patients were selected as the subjects of this study. The patient's characteristics are listed in Table 1 . The 56 patients had a median age of 58 years (range, 26-at least one measurable lesion. Ascites, intestinal obstruction, and hydronephrosis without renal dysfunction were detected in 26 (46%), 15 (27%), and 8 (14%) patients, respectively. In the 56 patients, peritoneal dissemination was detected by laparotomy in 16 (29%), by cytologic examination of ascites in 11 (20%), and by clinical imaging in 29 (52%). Eight patients had both ascites and intestinal obstruction.
Adverse events
A total of 848 courses of the treatment were administered, with a median of 14 courses per patient (range, 1 to 56 courses). The adverse events are summarized in Table 2 . The major adverse events were neutropenia, and anemia. Grade 3 or worse neutropenia, anemia, thrombocytopenia, and hyperbilirubinemia were observed in 8 (14%), 10 (18%), 1 (2%), and 3 (5%) patients, respectively. One patient experienced grade 3 cardiac ischemia after five courses of the treatment, but this resolved after a few minutes without medication. Another patient who had both ascites and intestinal obstruction developed fatal neutropenic sepsis after the first course of the treatment. During the first month after the initial treatment, the dose was reduced in only one patient, in whom peritoneal dissemination was detected by barium enema, because of grade 3 nausea. Another patient was treated on a 2-week-based schedule because of grade 2 nausea with the initial treatment.
Responses and survival
The responses to this therapy are summarized in Table  3 . In the 25 patients with measurable lesions, the overall 
Grade was determined according to the common toxicity criteria of the National Cancer Institute [15] MTX, Methotrexate; 5FU, 5-fluorouracil a Herpes simplex virus infection 74 years) and a PS score of 0 in 29 patients, 1 in 17 patients, and 2 in 10 patients. Forty-five patients (80%) had diffuse-type carcinomas, and 10 (18%) had an intestinal-type histology. Gastrectomy had been performed in 30 patients. Twenty-five patients (45%) had response rate was 36% (9/25). The response rates of patients with metastases in liver and lymph nodes were 45% (5/11), and 48% (12/25), respectively. Objective improvement of ascites was seen in 13 of 26 patients (50%). Of these, 5 showed the complete disappearance of ascites. Seven of the 15 (47%) patients with intestinal obstruction showed the disappearance of the obstructive findings on abdominal X-ray, and the symptoms, such as abdominal pain, sensation of abdominal fullness, and vomiting, were relieved. With a median follow-up of 22 months, the median duration of survival and the median time to treatment failure of all patients were 259 days and 167 days, respectively (Fig. 1) . The median survival times of the patients whose peritoneal dissemination was detected by laparotomy (n ϭ 16) and those in whom this was detected by cytologic examination or by clinical imaging (n ϭ 40) were 404 days and 244 days, respectively (P ϭ 0.0447; Fig. 2 ). The median survival times of the patients with (n ϭ 21) and without (n ϭ 35) nutritional support were 196 days and 308 days, respectively (P ϭ 0.0487; Fig. 3 ).
Assessment of nutritional state
Of the 21 patients who needed nutritional support before treatment, 8 (38%) were free of this need after sequential MTX/5FU therapy. In these patients, the median duration without nutritional support was 220 days (range, 65-539 days). In the 35 patients without prior nutritional support, the median duration without the need for nutritional support was 178 days. Fortyseven of the 56 patients (84%) could be treated at outpatient clinics. [17, 18] . The clearance of MTX from peritoneal fluid is about 5 ml/min, substantially slower than its clearance from the plasma compartment, which equals or exceeds the glomerular filtration rate (120 ml/min). Third-space retention of an intravenously administered drug is associated with the prolongation of the terminal drug halflife in plasma, presumably owing to the slow reentry of the sequestered drug into the bloodstream [18] . This effect must be considered when treating patients with ascites or pleural effusions. Sequential MTX/5FU therapy generally has milder adverse effects than other combination chemotherapies. However, it was uncertain whether this regimen would be tolerable in those patients with retention of ascites or pleural effusion. Although there are no strict guidelines for dose adjustment in patients with third-space fluid accumulations, it is strongly recommended that this fluid be evacuated before treatment and that close monitoring of plasma drug concentrations is carried out in such patients. Konishi et al. [19] recommended a lower initial dose of 100 mg/body to reduce the related risks for patients with massive ascites, based on their measurements of MTX serum levels. The present study demonstrated that, in none of the patients did plasma MTX concentrations exceed the level of 5 ϫ 10 Ϫ7 M, which would require continued leucovorin rescue, during the routine monitoring of MTX concentrations in plasma 24 h after drug infusion without the evacuation of ascites or pleural effusion. Grade 3 neutropenia and diarrhea were observed in 5 (20%) and 1 (4%) of the 25 patients with ascites, respectively. Although one treatment-related death occurred, in a patient who had both ascites and intestinal obstruction, toxicity was generally mild in the other patients. Dose reduction was not performed in any of the 25 patients with ascites, while the dose of MTX/5FU was reduced in 1 patient, who had peritoneal dissemination detected by barium enema, because of grade 3 nausea. These results suggest that this intermediate-dose MTX (100 mg/m 2 ) regimen may be tolerable even for those patients with ascites.
Few previous studies have revealed the safety of sequential MTX/5FU therapy for patients with intestinal obstruction. In the present study, grade 3 neutropenia and diarrhea were observed in 4 (27%) and 1 (7%) of the 15 patients with intestinal obstruction, respectively. Eight of the 15 patients with intestinal obstruction had ascites. In these 8 patients, grade 3 neutropenia and hyperbilirubinemia were observed in 4 (50%) and 2 (25%), respectively. Furthermore, the one treatmentrelated death occurred in a patient who had both ascites and intestinal obstruction. From these results, it appears that this regimen may be tolerable for patients with intestinal obstruction, but it should be administered more carefully in patients who have both ascites and intestinal obstruction than in patients with intestinal obstruction alone.
Intraperitoneal chemotherapy has been used to treat peritoneal dissemination, but the efficacy of this therapy remains poor [2] [3] [4] [5] [6] . This poor efficacy is believed to exist because the penetration distance of intraperitoneally injected drugs into the submesothelial tissue is limited to 2-3 mm [3, 6] , and because intraperitoneally injected drugs are usually distributed unevenly because of the anatomical complexity of the peritoneal cavity.
Systemic chemotherapy has been reported to have little effect on peritoneal dissemination, because of the existence of the peritoneum-plasma barrier, which limits drug penetration into the peritoneum [20, 21] . Recently, sequential MTX/5FU therapy has been reported to be effective in patients with advanced gastric cancers [12, [22] [23] [24] . The median survival time of advanced gastric cancer patients after this therapy has been reported to be approximately 7 months. Konishi et al. [12] reported that this regimen showed higher efficacy in patients with undifferentiated adenocarcinomas then in those with differentiated adenocarcinomas. The response rate of patients with peritoneal dissemination was 23.1% (6/26), and ascites was eliminated in 8 of 16 patients (50%). In the present study, the response rate in patients with ascites was 36% (9/25), and the median survival time of all patients was 259 days. This result seems to be superior to that of the study of Konishi et al. [12] . However, the present study was a retrospective one and included patients with peritoneal dissemination detected only by laparotomy. Most of these patients had no measurable lesions and no severe complications such as ascites and intestinal obstruction. In addition, these patients had significantly better survival than those patients in whom peritoneal dissemination was detected by cytologic examination or clinical imaging (median survival times, 404 days and 244 days, respectively).
With the limited survival benefit for patients with advanced gastric cancer, QOL has been considered as another relevant end-point of chemotherapeutic trials in these patients. Peritoneal dissemination causes many serious complications, such as intestinal obstruction and malignant ascites. The symptoms of these events are upsetting, and include abdominal pain, sensations of abdominal fullness, vomiting, and constipation, which usually lead to hospital admission. In the present study, we investigated the response rate to the therapy of patients with ascites and intestinal obstruction, the rate of freedom from the need for nutritional support, and the rate of treatment at outpatient clinics after chemotherapy. Objective improvement of ascites was seen in 13/26 (50%) patients. Of these 13 patients, 5 showed the complete disappearance of ascites. Seven of the 15 (47%) patients with intestinal obstruction showed the disappearance of the obstructive findings on abdominal X-ray. Eight of the 21 patients (38%) with nutritional support became free of such support and in these patients, the median duration without nutritional support was 220 days. In the 35 patients without prior need for nutritional support, the median duration without nutritional support was 178 days. These results suggest that this regimen may reduce the impairment of oral intake. In addition, most patients (84%) could continue the treatment at outpatient clinics. In terms of QOL, this chemotherapy, which permits long-term use on an outpatient basis and alleviates complications such as ascites and intestinal obstruction, may be suitable and effective for advanced gastric cancer patients with peritoneal dissemination.
From the results of the present study, it appears that this regimen may not only have antitumor activity but that it may also have palliative potential, with tolerable toxicity. In conclusion, the results of this study are promising and warrant further investigation of this regimen of MTX/5FU to validate its clinical utility.
